Caudal blocks are a significant and efficacious aspect of pediatric anesthesia, especially in urologic and many general surgery cases. This type of regional anesthesia is common because it has a high success rate and provides between 6 and 8 hours of postoperative pain control. The aim of this study was to determine whether the concentration of bupivacaine or the addition of intravascular (i.v.) fentanyl affected the postanesthesia care unit (PACU) discharge time. A retrospective cohort study comparing the outcomes in pediatric patients who have received varying caudal concentrations with and without the addition of i.v. fentanyl was performed. A total of 849 consecutive patients undergoing hypospadias repairs or circumcisions were reviewed and placed in one of the following 3 groups: 0.125% bupivacaine (group 1), 0.25% bupivacaine (group 2), or one of these concentrations of bupivacaine + i.v. fentanyl intraoperatively (group 3). Total PACU time for each group was 46.1 minutes (group 1), 48.9 minutes (group 2), and 49.7 minutes (group 3). Our results revealed that there is no statistically significant difference between concentrations of bupivacaine administered in a caudal block with or without i.v. fentanyl with regard to the outcome of PACU duration (P 5 0.16). Overall, based on the retrospective cohort design, there is no difference in primary and secondary outcomes based on the concentration of bupivacaine, when administered at a volume of 1 mL/kg.
INTRODUCTION
Caudal blocks are a significant and efficacious aspect of pediatric anesthesia, especially in urology and in many general surgery cases below the umbilicus. It is commonly used because it is typically not time consuming, has a high success rate, provides between 6 and 8 hours of postoperative pain control, and can be performed without ultrasound guidance. 1 Caudal anesthesia has long been used for the purpose of efficient pain control, which may decrease the amount of anesthetics and opioids used intraoperatively and postoperatively and may help control postoperative pain in the pediatric population. 2 As a result, the time necessary in the postanesthesia care unit (PACU) may be reduced, 1 which is an important factor in the quality, safety, efficiency, and cost of care we provide to patients.
An ideal caudal block would encompass the following characteristics: no need for additional narcotic during the intraoperative or postoperative period, earlier time to movement of lower extremities by reducing the motor block component, and decreased pain in the immediate postoperative period. These are all important factors that could contribute to the duration of PACU stay. With the use of lower concentrations of local anesthetics, motor blockade is less likely, 3 which is beneficial in the ambulatory pediatric patients. Maintaining 1 mL of local anesthetic per kilogram weight allows consistency in the volume distributed in the epidural space, whereas a combination of different concentrations of bupivacaine with and without the addition of intravascular (i.v.) fentanyl potentially allows for the prolongation of the block. In addition, studies have shown a prolongation of a caudal block with an addition of clonidine or ketamine. 1, [4] [5] [6] [7] [8] Recent articles have shown interesting outcomes regarding the concentration of local anesthetics used in caudals. 2, 3 For example, the volume of local anesthetic injected into the epidural space is more significant than the concentration of the local anesthetic itself. 2 Although some anesthesiologists prefer ropivacaine to bupivacaine, given its lower cardiac toxicity potential, a study by Invani et al 9 showed that there is no difference in efficacy between the 2 if comparable doses were administered.
However, there is little consensus among pediatric anesthesiologists regarding the optimal local anesthetic or concentration to use for these blocks. At our institution, there is variability in the concentration of local anesthetic used (eg, bupivacaine), the volume per kilogram weight used, and the addition of narcotics/adjuvants (eg, fentanyl, clonidine) in caudal blocks. Thus, assessing the different concentrations of bupivacaine with and without the addition of i.v. fentanyl will allow us to better understand how we practice at our institution and will assist us with developing clinical guidelines, standardization, and ultimately striving to make our practice as safe and efficient as possible.
The purpose of this retrospective cohort study was to assess the concentration of bupivacaine with and without the addition of intravenous fentanyl on postoperative outcomes in pediatric patients. The primary aim was to evaluate the effect of caudal block concentration and the addition of intravenous fentanyl intraoperatively on duration in the PACU. The secondary aims were to evaluate the effect of caudal block concentration on additional postprocedure outcomes, specifically pain on arrival and time to first leg movement. In addition, we evaluated anesthetic/patient factors potential association with the outcomes.
METHODS
We performed a retrospective cohort study comparing the outcomes in pediatric patients who have received varying caudal concentrations with and without the addition of i.v. fentanyl. After institutional review board approval, data were collected from the medical charts, with focus on the preanesthesia, intraoperative, and PACU records. We reviewed charts of 849 consecutive patients who underwent hypospadias repair or circumcisions over 29 months (August 1, 2010 and December 31, 2012) ( Figure 1 ). Patients were included who received a caudal in one of the following concentration groups (ie, group 1 5 bupivacaine 0.125%, group 2 5 bupivacaine 0.25%, and group 3 5 any caudal concentration + i.v. fentanyl), were American Society of Anesthesiologists (ASA) class 1 or 2, were of age between 1 month and 6 years, and were born at full term (ie, 37 weeks) or after. Patients who had spinal abnormalities, coagulation defects, signs of infection or rash at area of sacral hiatus, and at operating room time for more than 3 hours were excluded. Each of these caudal solutions also included epinephrine as well. In addition, patients with multiple procedures such as otolaryngology and ophthalmologic procedures were excluded. After meeting our inclusion criteria, the remaining 364 patient charts were analyzed. Pain scores were typically recorded on a scale from 0 to 10, which is the method used for self-reporting. PACU discharge time was defined as the time from arrival to PACU to the time that the patient is evaluated and discharged from the PACU.
Statistical analyses
For categorical variables, frequency counts were computed and presented along with their percentages. For continuous variables, means were found and given along with the standard deviation. After the descriptive analysis, the associations between several factors and outcomes were computed by looking at bivariate linear regression coefficients for continuous outcomes and by calculating odd ratios through bivariate logistic regression for categorical outcomes. Ninety-five percentage confidence intervals were given for both methods along with their P values. Only factors with P , 0.15 were considered for the multivariable analysis.
In the final step, we built systematic multivariable linear regression and logistic regression models by systematically adding variables to the model (that were P , 0.15 in the bivariate analysis). Time to first leg movement is documented as: at arrival to PACU, 15 minutes into the PACU stay, at discharge from PACU, or after discharge from PACU. This category is documented by the PACU nurse; it is typically reliable if the patient is not sedated. If the patient is sedated, it may be unclear whether or not the patient is able to move his extremities, but will be documented that he is not moving by the nurse. Time to first leg movement was also dichotomized into 2 clinically relevant categories to facilitate evaluation through multivariable logistic regression. Final models included the bupivacaine concentration group variable and all covariates with P , 0.05. For a final analysis, we performed similar systematic multivariate linear regression analyses separately by procedure (ie, circumcision and hypospadias) for the primary outcome of PACU duration to determine if the association between bupivacaine concentration differed by procedure.
RESULTS

Subject population
There were no statistically significant differences between the age, weight, administration of premedication, choice of volatile anesthetic, choice of muscle relaxant, administration of intraoperative antiemetic, or volume of caudal solution administered between the 3 bupivacaine groups ( Table 1 ). The patients in group 3 had a greater proportion of patients classified as ASA 2, although this difference was not statistically significant (P 5 0.16). Patients in group 1 had a higher proportion of circumcisions compared with the other groups (P 5 0.03) ( Table 1 ). The total surgical time was highest in group 3 by approximately 10 minutes (P 5 0.03). Operating room time was also greatest in the combination group; however, this was not statistically significant (P 5 0.18). The volume of bupivacaine was similar between the 3 groups, but when adjusted for weight, the differences were significant (P 5 0.02) ( Tables 1 and 2 ).
Effect of caudal block concentration on PACU time-Primary outcome
Total PACU time for the groups was as follows: group 1 (46.1 6 13.8), group 2 (48.9 6 17.8), and group 3 (49.7 6 18.4) ( Table 1 ). In the bivariate analysis, bupivacaine concentration was not significantly associated with total PACU time (P , 0.16). Although there was no statistically significant difference, groups 2 and 3 had a slightly increased PACU duration. In the multiple linear regression analysis (including all covariates with P , 0.15), bupivacaine concentration was not associated with a greater PACU time (P 5 0.17). Only age remained statistically significant (P , 0.001) ( Table 2) .
Effect of caudal block concentration on secondary outcomes
There was no significant association between the concentration group and any secondary outcomes. PACU pain score on arrival
Pain score on arrival to the PACU was not significantly different despite a slightly higher score in the combination group, group 3 (P 5 0.63) ( Table 1 ). When performing a multivariable regression (including all covariates with P , 0.15), similar results were observed and no additional covariates remained in the model with P , 0.05, indicating that bupivacaine concentration was not associated with PACU pain score on arrival.
Time to first leg movement
Patients in groups 1 and 2 moved their legs earlier than group 3; however, these differences were not statistically significant (P 5 0.06) ( Table 3 ). This variable was dichotomized so that logistic regression could be used. Furthermore, no covariates were significant in the multivariate model (Table 3) .
Subanalysis by procedure (circumcision and hypospadias)
When performing separate multivariable analyses among those patients who underwent circumcision and hypospadias, there were no statistically significant differences between bupivacaine concentration groups, controlling for other covariates with (P , 0.15). Therefore, the type of procedure did not affect the outcome of the block.
Anesthetic factors associated with primary and secondary outcomes
In multivariable analyses, older age was the only factor associated with PACU time (coefficient 5 0.364; P , 0.001) ( Table 2) . As age increases, the duration of PACU time increases as well. There were no other demographic or anesthetic factors significantly associated with pain score on arrival to PACU and time to leg movement from the multivariable analyses.
DISCUSSION
The primary aim of this study was to determine whether the concentration of bupivacaine or the addition of intravenous fentanyl was associated with PACU duration. Although pain in the operating room is not always easy to detect, a suspected failed caudal is usually noted by the anesthesiologist, and the patient is given a much larger dose of opioid, whereas some anesthesiologists will give a full dose of narcotic along with a caudal, which may be an adequate analgesic on its own. However, in our study, no significant differences were found in time to PACU discharges in comparing the 3 concentration groups. Similarly for the secondary outcomes (ie, pain on arrival to PACU and time to leg movement), no statistically significant differences were observed between the concentration groups. Moreover, only older age was significantly associated with PACU duration. It is possible that administration of larger volumes in the caudal space, which may be expected in older children of larger weights, may increase the duration of the caudal block. There were several potential limitations to the study. Because of the retrospective nature of the design, there may often be missing data related to the outcomes, such as documenting the duration in the PACU, pain, and time to leg movement. There was a minute amount of missing data, of which few numbers were relevant to complete the data analysis. In addition, Table 2 . Multiple linear regression analysis with PACU duration (in minutes) as the outcome with bupivacaine concentration and baseline and peri/intraoperative covariates that have an association of P , 0.05 included in the final model (N 5 352).
Covariate
Regression pain is difficult to assess, and documented scores are often based on an assessment of behavior rather than pain. This is often impossible to differentiate, and if a child is too young to communicate this pain score or has any cognitive deficit, then the data should be attempted to be collected in a way the child understands if possible. Even with such potential limitations, we are confident in the results of this study. There were very few missing data of the charts that were reviewed. In addition, Table 1 indicates that there are no statistically or clinically significant anesthetic/patient demographic differences between the comparison groups. Thus, the inclusion/exclusion criteria presented us with data in the 3 comparable groups, which limit the potential for confounding the association between each group and the outcomes of interest. Furthermore, we performed a multivariable analysis including all these factors in an effort to control for other confounding factors. Overall, the total PACU time was not statistically significant (P 5 0.16). The total PACU time was greatest in group 3 (49.7 6 18.4 minutes) versus group 2 (48.9 6 17.8 minutes) and group 1 (46.1 6 13.8 minutes).
Interestingly, there were a very high number of patients who did not meet the inclusion criteria (n 5 485), and the majority of these were ex-premature infants (n 5 206). Looking at these ex-premies and their data would be an interesting study for the future. Typically, circumcisions are performed before a neonate is discharged from the hospital after birth, but premature infants usually do not undergo elective procedures while in the neonatal intensive care unit. They are discharged and undergo the procedure after they are more developed and it is considered less risky; therefore, there are a high percentage of ex-premature infants undergoing circumcisions as outpatients.
One of the secondary aims, time to first leg movement in PACU, may play a more significant role in cost efficiency because it likely contributes to extended PACU stays. Time to first leg movement is not a criterion for PACU discharge, but it is a criterion for phase II discharge. If a patient meets all criteria in the PACU, the patient does not necessarily have to proceed to phase II before being discharged home. The difference in percentage, 5% versus 11%, of time to first leg movement occurring after discharge from PACU in group 1 versus group 3, shows that although it is not statistically significant, there may be a greater delay in the group when i.v. fentanyl is administered. In addition, patients in groups 1 and 2 moved their legs earlier than group 3; however, the differences were not statistically significant (P 5 0.06). Although this may not be statistically significant from the cost-efficiency standpoint, there may be a difference that many may consider to be significant. At our institution, there are a variety of opinions regarding the appropriate caudal medication and dose. In addition, the penile block has gained favor, especially for shorter procedures, such as circumcisions; a total of 74 patients were excluded because the procedure was performed with a penile block. Like any regional anesthetic procedure, a caudal block presents the risk of error and contamination, as well as the added time to prepare and perform the block in the operating room. If an ideal caudal block concentration is established, time necessary in the PACU unit may be reduced, which is an important factor in the quality, safety, efficiency, and cost of care we provide to patients. Although there is not a significant difference in PACU discharge time, the charge of nearly $600 for a 30-minute period in the PACU could make a substantial difference in cost to the family and efficiency of the PACU. As we move toward the development of clinical guidelines and standardization with the goals of increased patient safety, performance improvement, efficiency, and cost savings, these types of data begin to shed light into our current practice. Though a randomized trial would be the ideal design to evaluate bupivacaine concentration on important clinical outcomes, data from this retrospective study provide some very important insight into this clinical question. Based on the data and the patient population in this study, the results support using 0.125% bupivacaine at 1 mL/kg in pediatric patients receiving caudal blocks for circumcision and hypospadias repairs. This concentration is as safe and effective as 0.25% bupivacaine and concentrations with i.v. fentanyl added; therefore, 0.125% bupivacaine in a caudal may be considered as the clinically appropriate dose in this pediatric population for circumcisions and hypospadias repairs.
